M A R K M A S L I N
F orty years ago, Hays, Imbrie and Shackleton 1 published one of the most influential papers in the study of Earth's past climate. The authors showed that variations in Earth's orbital path around the Sun were the pacemaker of the great ice ages in the Quaternary period (the current geological period, which began about 2.6 million years ago). Their study is a beautiful example of how three exceptional scientists worked together to robustly test a controversial theory, thereby allowing us to understand the fundamental causes of the ice ages and to peer into the future to see whether humanity has disrupted these natural cycles.
Milutin Milanković was a brilliant Serbian mathematician and climatologist who in 1941 postulated that wobbles in Earth's orbit changed the distribution of solar energy on the planet's surface, pushing Earth in or out of an ice age 2 -a process called orbital forcing. He suggested that insolation (the amount of incoming solar radiation) at a latitude of 65 °N, just south of the Arctic Circle, was critical. At this latitude, insolation can vary by 25% (from 430 to 560 watts per square metre) 2 
.
Milanković argued that, when insolation was reduced during the summer, some of the ice in this region could survive. Each year, the ice would build up to eventually produce an ice sheet.
In 1976, three gifted scientists joined forces to test Milanković's theory, using long-term climate records obtained by analysing marine sediments. James Hays founded and led the international CLIMAP project, which used fossil assemblages to estimate past sea surface temperatures and brought the dream team together. Nick Shackleton was a master of strati graphy and provided oxygen-isotope records, which showed past global ice volumes. John Imbrie was the expert in time-series analysis, particularly spectral analysis, which showed that the climate records matched calculations of high-latitude insolation. Remarkably, the authors discovered that these records contained the same temporal cyclesknown as Milankovitch cycles -as three parameters that describe Earth's orbit: eccentricity, obliquity and precession ( Fig. 1) . Eccentricity describes the shape of Earth's orbit around the Sun, and varies from nearly circlular to elliptical, in part because of Jupiter's gravity. Obliquity is the tilt of Earth's axis of rotation with respect to the plane of its orbit, and directly affects the intensity of the seasons. Finally, precession is the most complicated type of variation because it alters the distance between Earth and the Sun during each season, and has two components -Earth's rotational axis precesses (rotates) owing to tidal forces exerted by the Sun and the Moon on the solid Earth, and Earth's orbital path itself precesses around the Sun.
In Retrospect

Forty years of linking orbits to ice ages
In 1976, it was demonstrated that tiny wobbles in Earth's orbit led to the great ice-age cycles of the past few million years. This finding had wide implications for climate science and the details remain hotly debated today.
broad effects on protein homeostasis in the brain.
In the past ten years, dysfunction in neural networks has emerged as a potential contributor to the biology and clinical symptoms of Alzheimer's disease 11 . First, it was observed that neural activity could regulate local concentrations of Aβ in the interstitial fluid that surrounds cells in the brain 12 . Subsequently, the topography of neural connections was shown to direct the spread of tau and Aβ protein aggregates in mouse models of neurodegenerative disease 13, 14 . Moreover, circuit connectivity between the hippocampus and the cortex has been proposed to be a primary driver of the stepwise spread of intracellular tau aggregates called neurofibrillary tangles between these brain regions in people with Alzheimer's 15 . Iaccarino and colleagues suggest that not only connectivity, but also patterns of neural activity -in particular, gamma oscillations -play a part. In this model, dysfunctional neural-network activity promotes the accumulation and spread of misfolded proteins that, in turn, cause further circuit disruption in a harmful positive feedback loop.
The observation that microglia clear Aβ in response to specific patterns of neural activity raises several questions. Does synchronous neural firing result in the secretion of factors that attract microglia and activate their phagocytic activity? Could such factors be used as therapeutic agents? Does this mode of microglial stimulation have a role in the function and maintenance of the synaptic connections between neurons in healthy brains? Recent reports 16, 17 suggest that microglia mediate synaptic pruning, which occurs as a normal part of brain development and might become dysfunctional in Alzheimer's disease. The process might involve phagocytosis and turnover of synaptic structural components -a function that could be co-opted for clearance of Aβ and other protein aggregates.
Treating neurodegenerative disorders by non-invasive modulation of neural networks is an intriguing prospect. The present study used light to stimulate gamma oscillations in the visual cortex, which is relatively unaffected by Alzheimer's disease. It will be important to determine whether other approaches can stimulate gamma oscillations more globally, in brain regions that are affected in Alzheimer's and other disorders. For example, behavioural interventions such as meditation have been shown to increase gamma oscillations 18 . Electrical stimulation of deep brain regions -an effective approach in drug-resistant Parkinson's disease -could potentially be adapted to stimulate gamma oscillations in specific brain regions. These are just two of many potential therapeutic approaches likely to arise from a greater understanding of the role of neural networks in neurodegenerative disorders. ■ Liviu Aron and Bruce A. Yankner Prof. J. W. Gregory, in his presidential address to the Geological Society of Glasgow, gave an account of the chief sources of the world's supply of phosphates, in the course of which he pointed out that an instructive lesson in the conservation of mineral resources was to be learnt from this subject. He showed that Britain has but limited supplies of natural phosphates, and these were being left unworked owing to the introduction of cheaper and richer products from foreign deposits. Prof. Gregory has done valuable service in again directing attention to our supply of phosphates, and it is clear that, from the point of view both of the natural and the artificial phosphate supply, the question is one of vital importance to our great agricultural interests.
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By demonstrating the clear link between orbital forcing and Earth's past climate, Hays, Imbrie and Shackleton legitimized what was to become one of the most powerful tools in stratigraphy. For example, reliable age models have been constructed for climate records covering at least the past 5 million years by tuning the orbital parameters to the ice-age cycles 3 . Such age models can be applied to any long-term palaeoclimate record, allowing marine and land records to be compared.
In addition, the various effects of the three orbital parameters have been used to study orbital forcing at different latitudes. Obliquity has a strong influence at high latitudes, whereas precession has a significant impact on seasonality in the tropics -precession has been linked to the rise and fall of the African rift-valley lakes, and even to our own evolution 4 . Evidence for the orbital forcing of climate has now been found as far back as 1.4 billion years ago, in the Proterozoic eon 5 . Hays, Imbrie and Shackleton clearly set out the limitations of their study and presented the scientific community with a range of challenges, many of which remain today. In particular, the authors recognized that variations in the orbital parameters did not cause the iceage cycles, but rather paced them. Any given combination of parameters can be associated with many different climates -for example, Earth's orbital configuration today is similar to to that of 18,000 years ago, when a 3-kilo metrethick ice sheet covered North America. Feedback mechanisms take the small changes in insolation that are driven by the orbital parameters and push Earth into or out of an ice age. Therefore, the next step was to understand the relative importance of the feedbacks involving the ice sheets, oceans and atmosphere; this led to the discovery that greenhouse gases had a pivotal role in controlling past climate.
The authors' work also recognized what is known as the 100,000-year problem. Before 1 million years ago, ice ages occurred roughly every 41,000 years owing to variations in Earth's obliquity 6 . This makes climatological sense, because Earth's axial tilt directly controls how warm or cold the summers are in the Northern Hemisphere. But the past 8 ice-age cycles had a longer period of 100,000 years 7 , which is similar to the period associated with eccentricity. In terms of forcing, eccentricity is by far the weakest of the three orbital parameters. Therefore, if eccentricity were responsible for such 100,000-year cycles, there would need to be a complicated 'nonlinear' amplification effect by Earth's climate system. However, the similarity between the two periods turned out to be an artefact of spectral analysis 6 -although the previous 8 iceage cycles lasted for about 100,000 years on average, they ranged in length from 80,000 to 120,000 years. With the realization that eccentricity is not the major driving force, a debate has emerged as to whether precession or obliquity controlled the timing of the most recent ice-age cycles. Some researchers argue that the deglaciations occurred every four or five precessional cycles 6, 7 , others that it was every second or third obliquity cycle 8 , and some argue that it was a combination of the two 9 . The debate started 40 years ago and still rages today.
The authors' work also provided a tool with which to investigate the future of Milankovitch cycles. It has been suggested . There are three types of variation: eccentricity, obliquity and precession 1, 2 . a, Eccentricity describes the shape of Earth's orbit around the Sun, and varies from being almost a circle to an ellipse, with a period of about 96,000 years 6 . b, Obliquity is the tilt of Earth's axis of rotation with respect to the plane of its orbit, and it oscillates with a period of about 41,000 years 6, 8 . c, Both Earth's rotational axis and its orbital path precess (rotate) over time -the combined effects of these two components and the eccentricity produce an approximately 21,000-year cycle 6, 7 . the Anthropocene period 13 , marking a much larger change in Earth's climate system. Therefore, unravelling the causes of the great ice ages is pivotal to understanding both the past and our future. ■ A revolution in DNA-sequencing technology in the past few years has allowed relatively easy identification of the underlying causes of many genetic diseases. However, preventing transmission of diseasecausing defects remains a formidable challenge. Our cells contain two genomes -one in the nucleus and another much smaller, semiautonomous one in organelles called mitochondria, which are essential for the production of energy. Diseases caused by mutations in mitochondrial DNA (mtDNA) affect about 1 in 5,000 people 1 , have an extraordinarily broad spectrum of symptoms and are currently untreatable. Kang et al. 2 show on page 270 that it is possible to prevent harmful mutations in human mtDNA from being transmitted to offspring, using a mitochondrial replacement technique.
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We inherit all of our mitochondria, and so all of our mtDNA, from our mothers. Female eggs carry a few hundred thousand copies of mtDNA, and most cells in an adult contain hundreds to thousands of these copies. In individuals with mtDNA disease there is usually a mixture of normal and mutated mtDNAs, and the severity of disease generally correlates with the proportion of mtDNA copies that carry the disease-causing mutation.
This proportion can vary widely between eggs from the same woman. One way to avoid the transmission of mutations is to combine in vitro fertilization (IVF) with genetic diagnosis to identify and implant only embryos harbouring normal mtDNAs. Although this approach has been successful 3 , it is not always possible to recover suitable embryos.
Another strategy might be to swap the mitochondria containing mutated mtDNA for healthy ones (Fig. 1) . This is the idea behind mitochondrial replacement techniques (MRTs). In one MRT, known as meioticspindle transfer, nuclear DNA from the egg of a 'carrier' mother harbouring mutated mtDNA would be transferred to a donor egg that lacks a nucleus and contains only normal copies of mtDNA. This egg would then be fertilized in vitro and implanted. A variation on the theme is pronuclear transfer, in which the nuclei from the sperm and egg would be transferred to a nucleus-free donor egg immediately after fertilization, before the two have fused.
In both cases, the reconstituted embryo would carry the same genes as its biological parents, except for the few on mtDNA that come from an unrelated donor. The group that conducted the current study has previously performed proof-of-principle One such therapy would be transfer of pronuclei -sperm and egg nuclei post-fertilization, before the two fuse -from an egg that harbours some mutated mtDNAs into a donor cell that has healthy mtDNA, from which the nucleus has been removed. In another technique, known as meiotic-spindle transfer, nuclear DNA from an egg harbouring some mutant mtDNAs would be transferred into a nucleus-free egg, which would subsequently be fertilized. Kang et al. 2 provide evidence that meiotic-spindle transfer can produce healthy embryos at the blastocyst stage of development that are free of mutant mtDNA.
that small increases in greenhouse gases due to the expansion of agriculture that started 8,000 years ago 10 have, in fact, delayed the next ice age 11 . More over, if greenhouse-gas emissions continue to grow, the next ice age might be postponed for at least half a million years 12 . Understanding orbital forcing is therefore relevant to contemporary debates about the Anthropocene -a proposed geological unit that is defined by human activity. If we have merely delayed the next ice age, we will still be in the Quaternary period, and the Anthropocene can be defined as an epoch, a subdivision of time below a period. But if we have stopped the ice ages, we will have entered
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Replacing the cell's power plants
Nuclear DNA from human eggs that harbour mutations in the DNA of organelles called mitochondria has been successfully transferred to donor eggs, bringing the prospect of therapy for mitochondrial diseases a step closer. See Letter p.270
